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SUMMARY  PAGE 


THE  PROBLEM 

Quontitative  scoring  of  vestibular  nystagmus  can  be  expensive  and  time  consum¬ 
ing,  Quantitative  computer  scoring  of  nystagmus  offers  attractive,  timesaving  economy 
for  both  research  and  clinicol  'pplications.  This  report  evaluates  a  relatively  simple 
and  inexpensive  nystagmus  velocity  computer. 

FINDINGS 

Ten  nystogniogrophic  recordings  of  caloric  responses  were  scored  by  the  nystagmus 
velocity  computer  and  the  results  compared  with  scores  obtained  by  a  proven  but  more 
time-consuming  method.  This  evaluation  indicates  that  the  computer  provides  timasaving 
and  reasonably  accurate  quantitative  scoring  of  these  records.  It  also  revealed  certain 
precautions  that  should  be  taken  in  the  use  of  this  equipment. 
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INTRODUCTION 


Quantifative  computer  scoring  of  vestibular  nystagmus  offers  attractive,  timesav¬ 
ing  economy  for  both  research  and  clinical  applications.  Fairly  complex  systems  have 
been  proposed  to  provide  the  versatility  required  for  research  applications  (1,2,4),  while 
more  restricted,' relatively  inexpensive  commercial  systems  suitable  for  some  clinical  ap¬ 
plications  have  become  available.  This  report  describes  an  evaluation  of  the  Instrumenta¬ 
tion  and  Control  Systems,  Inc.,  Nystagmus  Velocity  Computer,  Model  NCO-lOO,  which 
fits  into  the  latter  category  and  is  an  instrument  that  can  be  used  to  score  nystagmus 
during  some  laboratory  tests. 


PROCEDURE 


MATERIALS 

Calorically  induced  electronystagmograms  from  ten  normal  individuals  were  used 
as  a  basis  for  the  evaluation.  These  records  had  been  recorded  on  magnetic  tape  at  the 
time  of  the  test.  Five  of  these  records  were  judged  by  visual  examination  to  represent 
good  quality  nystagmus  tracings,  and  the  other  five  were  judged  to  be  of  poor  quality. 
Two  records  were  synthesized  using  a  waveform  generator,  and  represented  noise-free 
nystagmus, 

APPARATUS 

A  Phillips  mini- log  4  portable  analog  cassette  recorder  vras  used  to  play  back 
horizontal  eye  movement  recordings  made  during  earlier  caloric  tests.  It  uses  standard 
tape  cassettes  and  has  four  FM  data  channels.  Tape  speed  was  0.75  inch  per  second 
and  bandpass  was  0-250  Hz.  Eye  movements  were  written  continuously  on  chart  paper, 
using  a  Hewlett-Packard  Model  7754A  thermal  strip  chart  recorder.  This  is  a  4-channel 
recorder  designed  specifically  for  medical  applications.  A  medium  gain  Model  8802A 
preamplifier  was  used  with  the  recorder,  and  an  electrical  signal  output  was  taken  from 
one  channel  to  provide  an  input  to  the  NCO-lOO  system. 

The  Instrumentation  and  Control  Systems,  Inc.,  Model  NCO-lOO  Nystagmus 
Velocity  Computer  processes  preamplified  eye  movement  signals  (derived  from  the  corneo- 
retinal  potential)  and  digitally  displays  the  average  slow  phase  eye  velocity  for  succes¬ 
sive  sets  of  nystagmus  beats.  It  uses  a  time-weighted  averaging  technique,  with  each 
beat  representing  a  percentage  of  the  whole,  depending  on  beat  amplitude  and  duration. 

It  is  designed  to  average  the  slow  velocity  component  of  ten  beats  and  display  the  value, 
and  continue  to  the  next  group  of  ten  beats  of  nystagmus  until  tlie  test  is  ended.  A 
memory  subsystem  automatically  stores  the  highest  average  ten-beat  velocity  encountered 
during  the  test.  This  value  can  be  called  and  disployed  at  the  end  of  tlie  test. 

I  he  NCO-lOO  requires  a  full-scale  input  of  from  5  to  20  volts,  peak  to  peak.  The 
maximum  available  output  of  the  H-P  7754A  recording  system  is  only  ‘  2.5  V,  and, 
therefore,  it  is  too  low  to  interface  with  the  NCO-lOO.  A  Texas  Instruments  type 


SN  72747  dual  general  purpose  amplifier  wifli  a  gain  of  5  was  used  to  boost  the  H-P 
8802A  preamplifier  output  to  an  acceptable  level  for  the  NC 0-100.  It  slxjuld  be  noted 
tlxit  Instrumentation  and  Control  Systems,  Inc.  (ICS),  manufactures  a  recorder  and  a 
caloric  bath  that  readily  interface  with  the  NCO-100.  Thus  our  interfacing  circuit  was 
necessitated  by  the  decision  to  use  our  own  recorder. 

The  Electroniechanical  Slope  Computer  (ESC)  provided  a  system  for  comparative 
scoring  (3).  This  device  performs  a  semi-automoted  score  of  chart  recorded  nystagmus, 
and  employs  computer-aided  printout  and  plot  of  slow  phase  slope.  It  affords  consider¬ 
able  timesaving  relative  to  unaided  manual  measurement,  but  is  not  potentially  as  fast 
as  the  NCO-100.  The  ESC  hcs  been  modified  since  its  introduction  and  now  incorporates 
a  tangent  function  potentiometer  to  generate  slope  measures  and  a  Digital  Equipment 
Corporation  PDP-8  computer  to  calibrate  the  signal.  A  Teletype  Corporation  ASR-33 
outputs  the  data. 

METHOD 

Many  of  the  caloric  tests  administered  in  this  laboratory  have  been  recorded  and 
stored  on  cassette  tapes.  A  set  of  five  good  quality  records  and  a  set  of  five  poor  qual¬ 
ity  records  were  selected  from  among  these  tapes.  Original  strip  charts  stored  in  the 
folders  of  ten  subjects  were  reviewed  to  make  the  selections. 

The  complete  test  plan  included  the  following: 

1.  Comparison  of  ESC  scoring  with  NC 0-100  scoring  of  "perfect  nystagmus" 
generated  by  a  Servomex  waveform  generator,  Model  No.  LF5IMK1I, 

2.  Comparison  of  ESC  scoring  with  NCO-lOO  scoring  of  nystagmus  that  had  been 
generated  in  caloric  tests. 

3.  Comparison  of  ESC  scoring  by  two  independent  scorers  (ESC-1  aid  ESC-2). 

To  make  valid  comparisons  between  ESC  scoring  and  NCO-lOO  scoring,  it  was 
necessary  to  identify  segments  of  records  scored  by  the  latter  system.  A  pulse  signal  was 
located  in  the  NCO-lOO  which  marked  off  segments  scored.  This  signal  was  used  to 
deflect  a  marker  pen  on  the  strip  chart  nystagmus  record  so  that  average  velocity  values 
displayed  by  the  NCO-lOO  could  be  matched  to  ESC-scored  segments.  The  circuitry  of 
the  NCO-lOO  is  designed  to  count  ten  consecutive  nystagmus  beats  and  to  compute  and 
display  the  average  slow  phase  velocity  for  this  ten-beat  segment.  This  process  repeats 
for  each  ten-beat  cycle.  Finally,  the  score  from  that  cycle  yielding  the  highest  score 
is  retained  and  displayed. 

The  entire  record  of  each  of  ten  caloric  responses  was  scored.  Ecch  record  was 
divided  into  a  number  of  ten-beat  scoring  segments  as  determined  by  the  pulses  from  the 
NCO-lOO  (range  of  segments  per  record  was  21  to  35);  three  mean  slow  phase  eye  velo'  - 
ities  were  determined  for  each  segmen*',  two  by  the  individuals  using  the  ESC  and  the 
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otliei  liy  tlie  NCO-IOO.  Sioiiiu)  hejun  ot  the  end  of  the  in  illation  p«M  iod  and  ended 
offer  tlie  respeinje  IkuI  leo.olieif  its  tl■.a^imuIn  value  and  svas  well  into  the  decay  period. 

RLbULTS 

Table  I  iliows  coi i elations  ^Pearsoi»  Produi't-Moinetit)  between  nieati  slow  phase  eye 
velocities  in  each  of  tlie  21 -3d  intervals  as  deiived  by  tlie  three  scoring  methods  for 
each  caloric  record  and  for  the  two  waveform  generator  records.  Records  1  through  5 
were  recordings  of  poor  quality,  wliereas  6  ‘hiough  10  were  of  good  quality.  Records  1 1 
and  12  were  "perfect  nystagmus"  as  cieated  by  a  waveform  generator.  In  general,  the 
NCO-IOO  versus  LSC-1  aid  LSC-2  coiieUition  values  were  lower  tlian  the  LSC-1  versus 
LSC-2  values.  Lxamples  are  sIkswu  in  I  iguies  I  and  2.  As  would  be  expected,  all  cor¬ 
relations  were  highly  significant  statistically.  1  lie  correlations  were  somewhat  R'wei 
for  the  p-jj'  quality  recoidings  than  toi  the  gooil  quality  recordings.  Scores  of  artificial 
nystagmus  in  Records  II  and  12  were  pun  tically  identical  for  all  three  methods.  When 
all  ten  caloric  lecoids  were  consideied,  the  coirelations  between  LSC-1  and  LSC-2  weie 
significantly  higher  ^p  .01)  than  the  vorrelations  between  NCO-IOO  and  LSC-1  or 
LSC-2  ^Wilcoxon  Sign  Test), 

Table  II  afforvfs  an  interesting  comparison  of  intervals  in  which  peak  slow  phase 
eye  velocity  occurred  os  determined  by  LSC-I,  LSC-2,  and  NCO-IOO,  The  peak  inter¬ 
val  for  the  NCO-IOO  was  sometimes  discrepant  from  the  peak  interval  for  the  LSC  scores 
which  by  contrast  were  exceptionally  well  rnotched.  Because  peak  slow  phase  velocity 
is  frequently  used  for  determining  ear  differences  and/or  a  directional  difference  and 
because  the  final  score  displayed  by  the  NCO-IOO  is  its  peak  score,  such  errors,  though 
infrequent  in  our  evaluation,  may  be  important.  However,  in  our  sample  of  data,  with 
or'Iy  one  or  two  exceptions,  the  scores  in  the  peak  intervals  were  not  sufisiant  My  dit- 
foie'd. 

DISCUSSION 

The  results  of  this  evaluation  of  the  ICS  ^^odel  NCO-IOO  velocity  conpiiter 
indicate  that  it  does  fvovide  a  timesaving  and  reasoiuiLily  accurate  quantitative  score  ..d 
vestibular  nystagmus  generated  I’y  caloric  irrigation.  Compar  ison  with  Lh'ctromechan  ical 
Slope  Computer  ^LSC)  scores,  which  incorporate  human  judgment,  indicaU's  that  it  is 
primarily  with  records  involving  extra-nystagmic  soccades  and  non-nystagmoid  wa\e- 
form  patterns  that  the  NCO-IOO  system  may  yield  discrepernt  scores. 

There  are,  however ,  certain  pnoblems  thof  may  be  encountered  with  its  use. 

Several  conditions  ore  stated  in  the  instruction  manual  for  proper  use  of  the  NCO-IOO 
computer,  such  os  1)  calibration  of  the  computer,  2)  eye  movemenf  calibiotion,  arni  3) 
requirements  for  minimum  oiuf  maximum  slow  aiuf  fast  phase  eye  velocity  .  These  instiuc- 
tion  (in  some  cases,  limitatii.ins)  must  I'e  adhered  to  for  accurate  scores. 

The  NCO-IOO  equiies  a  full-scale  output  of  d  tv'  20  Vv'lts,  peak-to-peak  from 
the  recorder  with  whiv  h  it  is  intended  to  interface.  1  his  voltage  lesel  is  iK't  asiiilohle 


Table  I 


Pearson  fVoduct-Momcnl  CortelaHons  between  Scores  of  Record  Segment*  Obtained  by 
Two  Individuals  Using  the  ESC  and  by  the  NCO-100 


Record  No, 

N* 

NCO  vs.  ESC-1 

NCO  vs.  ESC-2 

ESC-1  vs.  ESC-2 

1 

24 

.65 

.68 

.99 

2 

27 

.86 

.89 

.99 

3 

21 

.95 

.93 

.98 

4 

35 

.93 

.90 

.96 

5 

35 

.94 

.93 

.97 

6 

28 

.96 

.95 

.99 

7 

24 

.97 

.97 

.99 

8 

21 

.99 

.99 

.99 

9 

23 

.99 

.99 

.99 

10 

22 

.95 

.95 

.99 

11 

21 

.99 

.99 

.99 

12 

24 

.99 

.99 

.99 

p  •  .001  for  all  cases 

*N  refers  to  number  of  10-beat  segments  within  the  record  scored. 
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Figure  2 

Comparison  of  scores  by  the  computer  method  versos  the  ESC  method  for  a  good  quality  record 


Table  II 


Scoring  Interva'  in  Which  Peak  Slow  Phase  Eye  Velocity  Was  Found 
and  Corresponding  Velocity  Values  (deg/sec) 


Record 

No. 

NCO- 

Interval 

-100 

Eye  Velocity 

ESC- 

Interval 

1 

Eye  Velocity 

ESC-2 
Intervcil  Ey( 

B  Velocity 

1 

15 

28,4 

4 

20.2 

4 

20.6 

2 

10 

44.3 

4 

39.9 

4 

40.1 

3 

10 

48.8 

9 

44.2 

9 

44.8 

4 

13 

32.0 

19 

34.7 

19 

32.3 

5 

8 

21.3 

8 

19.3 

8 

19.3 

6 

12 

39.9 

12 

44.5 

12 

43.7 

7 

9 

48.1 

9 

43.6 

9 

45.1 

8 

6 

40.5 

6 

38.6 

6 

39.8 

9 

11 

35.7 

11 

35.6 

14 

36.0 

10 

5 

21.7 

10 

20.0 

10 

20.8 

11 

20 

29.7 

20 

23.5 

20 

29.2 

12 

22 

35.1 

22 

33.6 

22 

33.6 
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on  alt  recorders,  and  in  out  case  a  small  DC  amplifier  was  needed  fo  achieve  the 
required  output  level.  In  laboratories  where  electrotiic  services  are  not  available,  this 
feature  could  present  a  problem  witich,  Itowever,  could  be  avoided  by  using  the  ICS 
matched  recording  system. 

During  our  evaluation  of  the  NCO-lOO  computer  we  used  some  recordings  of  poor 
quality  in  order  to  test  the  computer's  accuracy  witit  the  kinds  of  records  that  are  fre¬ 
quently  obtained  in  practice.  It  was  found  that  most  high  frequency  troise,  i.e,,  60 
cycle  and  EMG  potentials,  did  not  adversely  affect  the  scoring.  The  one  area  that  did 
reduce  the  accuracy  of  scoring  was  saccadic  eye  movement  artifacts.  In  almost  every 
case  where  saccadic  interruption  of  uniform  nystagmus  occurred,  the  NCO-lOO  would 
indicate  a  higher  value  of  slow  phase  eye  velocity  than  had  actually  occurred  (Figuie  1). 
This  influenced  some  peak  values  of  slow  phase  eye  velocity  and,  as  indicated  above, 
could  be  misleading,  since  the  peak  value  is  the  value  that  would  orditiarily  be  used. 

Also,  it  should  be  noted  that  the  NCO-lOO  will  give  substantial  scores  on  pat¬ 
terns  of  eye  movements,  e.g,,  square  waves  from  eye  nrovement  calibrations,  that 
involve  no  nystagmus  at  all.  For  this  reason  alone,  visual  inspection  of  records  being 
scored  is  essential  to  the  reasonable  use  of  this  device.  Use  of  the  NCO-lOO  would  be 
facilitated  if  it  generated  o  pulse  that  could  be  used  to  deflect  a  marker  pen  at  the  end 
of  each  scored  segment  or;  the  strip  chart  of  nystagmus.  This  segment-marker  modifica¬ 
tion,  which  we  used,  is  relatively  easily  and  inexpensively  accomplished.  Perusal  of 
the  record  for  saccadic  interference  and  other  similar  artifacts  would  then  permit  selec¬ 
tion  of  the  appropriate  interval  for  handscoring,  or  by  thr.  NCO-lOO  if  the  record  were 
on  tape.  Pen  deflections  marking  off  ten-beat  intervals  could  also  be  used  to  provide 
estimates  of  nystagmus  boat  frequency;  i.e,,  ten  divided  by  the  time  between  markers 
could  be  used  as  an  index  of  mean  beat  frequency  for  each  interval.  However,  tfie 
NCO-lOO  counts  some  very  small  saccades  as  nystagmus  fast  phases,  and  therefore, 
frequencies  so  obtained  may  appear  higher  than  frequencies  derived  by  manual  scoring. 

If  the  limitations  of  ihe  ICS  NCO-lOO  nystagr-.us  velocity  computer  are  recog¬ 
nized  and  precc  '♦ionary  measures  employed,  then  the  instrument  can  provide  a  relative¬ 
ly  accurate,  quick,  and  inexpensive  methed  of  scori  ig  vestibular  nystagmus  within  □ 
typical  time  course  and  beat  frequency  produced  b>  caloric  stimulation. 
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!•  IU^PLIMINTAIRY  NOTH 


Dr.  Jell,  Department  of  Physiology,  The  University  of  Manitoba,  Winnipeg,  Canada, 
during  a  sabbatical  period  worked  with  the  NAMRL  Perceptual  and  Behavioral  Sciences 
Division  under  the  sponsorship  of  the  Office  of  Naval  Research. 

It-  KCV  WOROI  (Canfinu*  on  faracta  af«fa  tf  aaraaaarr  and  IdanfIfY  Ar  htnek  niwbar) 

Nystagmus;  Caloric;  Nystagmus  Scoring;  Computer  Scoring 


D^^ipSTliACTf^dnlfriMaaerraraEaa  afda  It  naaaaaarr  mtti  Idantffp  Ar  AfacA  manAaf) 


i Quantitative  scoring  of  vestibular  nystagmus  can  be  expensive  and  time-consuming.  Quan¬ 
titative  computer  scoring  of  nystogmus  offers  attractive,  timesaving  economy  for  both 
research  and  clinical  applicatio’'s.  This  report  evaluates  a  relatively  simple  and  inexpen¬ 
sive  nystagmus  velocity  computer.  V 


OD  ijSS".  1473  EDITION  or  1  NOVAS  I•OB•OL«T1  I  I  I  !tl  J  \ 

'  *  s/N  OI01-OI4-AAOI  I  Unclossified _ 

y  .  y  /  (eCURITV  CL  AMiriCATION  OP  TNI*  RAOt  fRRwi  Dm*  Kitwwb 

V  J  / 


